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The present article describes the series of incident primary ovarian tumors in the Life Span Study
(LSS) cohort of the Radiation Effects Research Foundation, with particular emphasis on case ascertain-
ment and characterization of histological features of the tumors. We identified 723 ovarian tumors (260
malignant, 463 benign) in 648 individuals of about 70,000 female LSS subjects; 71 cases had more than
one ovarian tumor. We histologically confirmed 601 tumors (182 malignant, 419 benign tumors). The
most frequent histological type was common epithelial tumor (90.7% for malignant and 59.7% for benign
tumors). The distributions of ovarian tumors by histological type were similar to those from other studies.
Among malignancies, the frequency of common epithelial types relative to other tumor types increased
with radiation dose (p = 0.02). Among benign tumors, the relative frequency of sex-cord stromal tumors
increased with radiation dose (p = 0.04). The women with mucinous cancer had better survival than those
with serous cancers (p = 0.03). Within tumor types, there was no consistent pattern of survival by radiation
dose. Variations in histological types of ovarian tumors in response to radiation dose, suggested by the
case series data need to be followed up by population-based incidence analysis.

 

INTRODUCTION

 

Tumors of the ovary are characterized by a variety of his-
tologic features and prognosis. The majority of ovarian
tumors are of celomic epithelial origin while germ cells and
sex-cord stromal tumors are much less frequent. Epithelial
carcinomas approximate the over all incidence rates of ova-
rian cancer in many countries. Japanese women reportedly
have lower incidence rates of ovarian cancer, especially of
epithelial types, than US or European women.

 

1,2)

 

 While ova-
rian cancer incidence rates in the US and Europe have gen-

erally been stable during the past several decades,

 

3)

 

 increas-
ing trends have been reported for ovarian cancer mortality
and incidence in Japan.

 

4,5)

 

 Repeated stimulation of the ova-
rian epithelium has been suspected to be a predisposing fac-
tor for malignant transformation of ovarian tissue.

 

6)

 

 This is
supported by an increased risk of ovarian cancer associated
with nulliparity, and a reduced risk associated with pregnan-
cy, lactation and oral contraceptive use.

 

7)

 

In the follow-up of the Life Span Study (LSS) cohort of
atomic bomb survivors conducted by Atomic Bomb Casual-
ty Commission (ABCC) and its successor, Radiation Effects
Research Foundation (RERF), we observed an excess risk of
ovarian cancer associated with radiation exposure for
mortality

 

8)

 

 and incidence

 

9)

 

studies. Our previous pathology
study

 

10)

 

 of ovarian tumors involved 194 subjects with malig-
nant tumors of the ovary diagnosed in this cohort between
1950 and 1980. The study provided evidence of a significant
dose response for ovarian malignancies. Analysis of 106
subjects with benign ovarian tumors detected at autopsy also
showed the proportion of benign tumor cases to increase sig-
nificantly (p < 0.05) with increasing dose, but the distribution
of histological types did not vary significantly with radiation
dose. Epidemiological data on ovarian cancer risk on other
irradiated populations are generally limited, and are largely
reported from studies of medically exposed populations.
Evidence of radiation-related excess risk of ovarian cancer
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was found in long-term survivors among patients given high-
dose radiotherapy for cervical cancer

 

11–13)

 

 and in women
irradiated for benign genital organ lesions

 

14,15)

 

 but not in
patients treated with x-rays for ankylosing spondylitis.

 

16,17)

 

This report extends pathology reviewed-based study
through 1988. The focus of the present study, as with the
previous pathology studies,

 

10)

 

 is on intensive pathology
review of benign and malignant ovarian tumors including
possibly unrecognized cases not previously accepted or even
not reported to the tumor registries, classification by malig-
nancy and histological subtype, and analysis for prognosis
and variation by age and radiation dose. Thus, the present
study provides validation information for tumor registry
diagnoses, histological subtypes, and information on benign
tumors not available from the tumor registry. This article
describes the case series, with particular emphasis on char-
acterization of histological features of the tumors. Since a
large number of subjects (over 54%) in the LSS cohort have
little (i.e., at < 5 mSv) or no exposure to atomic bomb radi-
ation, this cohort is also a valuable source of information on
general histological characteristics of ovarian tumors in
Japan.

 

MATERIALS AND METHODS

 

Initial case ascertainment

 

The LSS cohort includes about 70,000 women, of whom
54,694 were exposed to the bombings and another 15,385
(the so-called not- in-city (NIC) subset) were selected during
1951–1953 from contemporary residents of the city of
Hiroshima or Nagasaki who were not present in the city at
the time of the bombings. Cases in the LSS cohort were
ascertained by linkage to the tumor and tissue registries in
Hiroshima and Nagasaki. The Hiroshima and Nagasaki
tumor registries are population-based registries established
in 1957 and 1958, respectively. Reportable tumors for the
tumor registries are all malignant and selected benign
tumors; until 1975, the latter have included benign ovarian
tumors. However, both benign and malignant tumors are
reported to the tissue registries. The tissue registries, started
in 1973, are pathology-based registries that collect patholo-
gy diagnoses and tumor tissue slides for histologically diag-
nosed tumors in Hiroshima and Nagasaki.

In addition, autopsy and surgical pathology records at
RERF were accessed. Large numbers of benign ovarian
tumors in the present study were ascertained from these
pathology records. The autopsy program was active at
ABCC/RERF between 1948 and 1987. Prior to 1961, autop-
sies were performed primarily on referrals from local phy-
sicians and hospitals and the selection reflected ABCC’s
interests, for example, deaths from leukemia and malignan-
cies. In the procurement program started in 1961, attempts
were made to obtain a representative sample by ascertaining
deaths among the LSS and other cohorts from a variety of

sources in the Hiroshima and Nagasaki community. A large
number of autopsies (about 8,200 in total) were carried out
at ABCC/RERF in the LSS cohort. The ABCC the surgical
pathology program was active from the late 1950s through
the late 1960s; tissues specimens and blocks for tumor and
other lesions were sent from local hospitals to ABCC.

The current study also used clinical records maintained at
RERF and death certificates for deceased members obtained
for the mortality follow-up of the LSS cohort since 1950.
The present study includes primary tumors during 1950-88.

 

Pathology review

 

In the initial screening, case records for all tumors initial-
ly selected were closely inspected by one of the pathologist-
panel members (MT), who excluded any with diagnoses
clearly inconsistent with ovarian tumor. For the remainder,
relevant tissue slides with pathology reports, if available,
were reviewed by the panel of two pathologists (K.I. and
K.K.) and a histological diagnosis was given. The radiation
exposure doses for cases were unknown to the pathologists.
Tumor types were decided according to the classification by
the World Health Organization.

 

18)

 

 The histological classifi-
cation compiled by the Japanese Society of Obstetrics and
Gynecology and the Japanese Society of Pathology

 

19)

 

 was
also used for reference. When the two panel members did
not agree on histological diagnosis or type, or when a diag-
nosis made by the panel did not agree with the diagnosis pre-
viously given by a hospital pathologist, the panel met again
to discuss and review the materials to reach a final consensus
diagnosis. Thus, possible tumors were accepted or excluded
on the basis of review of histological slides by the present
authors. When pathology records were available but slides of
the purported primary ovarian tumor were not available for
review, pathology diagnoses made by hospital pathologists
were accepted or rejected based on review by the current
pathology panel. The remaining possible tumors, for which
neither histological samples nor pathology records were
available, were those with information from clinical records
or death certificate information only, and these were accept-
ed on the basis of the results of the initial screening review
(MT).

 

Statistical Analysis

 

Inferences regarding proportional frequencies of different
histological types of ovarian tumors were made with respect
to variation by radiation dose, city, age at diagnosis, and year
of diagnosis. The analyses were performed by modeling the
binomial odds, fitted by maximum likelihood, using the
GMBO algorithm from the EPICURE package

 

20)

 

 of statisti-
cal programs for analyses of epidemiologic data. It means
that logistic regression analyses were performed. The natural
logarithm of the odds, p/(1-p), where p is the relative fre-
quency of the diagnosis of interest, was modeled as a linear
parametric function of the exposure variables, within strata
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defined by cross-classification of city, age at diagnosis, and
year of diagnosis:

log(p

 

i

 

/(1- p

 

i

 

)) = 

 

α

 

i

 

 + 

 

∑ β

 

j

 

X

 

j

 

.

Here, the subscript i corresponds to stratum and the sub-
script j identifies the exposure variables, which are radiation
dose and two indicator variables, one for exposure status and
the other for availability of the dose estimate among the
exposed.

Survival time, from diagnosis of ovarian tumor through
2001, was evaluated as a function of tumor type and/or radi-
ation dose, by proportional hazards methods using the PEA-
NUTS algorithm, also from the EPICURE package. Survival
time was defined as time from tumor diagnosis to death,
without regard to cause, or specifically from diagnosis to
death from ovarian cancer, in which case death from other
causes was treated as loss to follow-up.

 

Radiation Dose Estimates

 

Individual radiation dose estimates were obtained from
the recently revised RERF Dosimetry System 2002
(DS02).

 

21)

 

 DS02 provides individual dose estimates for gam-
ma rays and neutrons based on individual exposure history
information. As in other RERF studies, individual weighted
dose, expressed in sieverts (Sv), was calculated for each sur-
vivor as the weighted sum of gamma dose and neutron dose
in grays (Gy), with neutron dose assigned a weight of 10.

 

Ethical issues

 

This study was approved by the Human Investigation
Committee at RERF in 1992.

 

RESULTS

 

A total of 1,964 conditions considered as possibly consis-
tent with ovarian tumor (i.e., with ICD-9: 183.0, 183.8,
198.6, 220, 236.2, 239.5), in 1,733 cohort members, were
selected for initial screening. Of these conditions 478 (404
identified from clinical records and 74 from death certifi-
cates) were excluded because the diagnoses were clearly
inconsistent with ovarian tumors. Sixty-seven of the remain-
ing conditions were accepted based on the initial screening
given only clinical record (41 in 37 persons) or death certif-
icate (26 in 26 persons) information. Relevant tissue slides
with pathology reports were available for 932 conditions.
Six hundred and one (601) conditions in 535 persons were
accepted as tumors and 331 in 177 persons were rejected on
the basis of review of histological slides by the present
authors. The majority of rejected lesions were cysts without
neoplasm (71%), metastatic tumors from other organs and a
few ovarian tumors outside the timeframe of the present
study, i.e., diagnosed before 1950 or after 1988. Pathology
records, but not tissue slides, were available for 487 lesions
(in 480 persons), of which 55 (in 50 persons) were accepted

as tumors and 432 (in 430 persons) were rejected (absence
of primary ovarian tumor, 54%, metastatic tumor, 42%, and
other, 4%).

In all, 723 ovarian tumors in 648 women were accepted.
Of these, 601 (83.1%) were histologically confirmed as ova-
rian tumors by the present investigators, and 55 (7.6%) were
accepted on the basis of pathologists’reports for which the
original tissue slides were unavailable to the panel. In the
absence of histological information, 41 cases (5.7%) with
clinical diagnoses and 26 cases (3.6%) with death certificate
diagnoses only were accepted on the basis of record review
(Table 1).

Of the 723 ovarian tumors 260 (36.0%), in 232 women,
were malignant (including 37 of borderline malignancy) and
463 (64.0%), in 345 women, were benign. Mean ages at
diagnosis were 61 and 58 years for malignant and benign
tumors, respectively. The distributions by city of malignant
and benign cases were both roughly in agreement with the
distribution of female LSS sample members in the two cit-
ies: 34% of the malignant tumors and 29% of the benign
tumors occurred among the 31% of female LSS subjects
from Nagasaki. (However, birthdates for female Hiroshima
LSS subjects were on the average 3.6 years earlier than for
female Nagasaki subjects, which would tend to increase the
baseline rate (i.e., unrelated to radiation exposure) of ovarian
tumors among Hiroshima compared to Nagasaki survivors.

There were 182 malignant tumors or borderline malignan-
cies (malignancies 145, borderline malignancies 37) histo-
logically confirmed by the present investigators. Of the total,
165 (90.7%) were classified as common epithelial tumors,
12 (6.6%) as sex-cord stromal tumors and the remaining 5
cases (2.7%) as germ cell tumors. The common epithelial
tumors were predominately serous type carcinoma (53.3%)
and mucinous type carcinoma (24.2%) (Table 2). The most
frequent benign tumors were common epithelial tumor
(59.7%), followed by germ cell tumor (27.9%) and sex-cord
stromal tumor (11.9%) (Table 2). Serous tumors were the
predominant type (61.2%) among common epithelial
tumors, followed by mucinous tumors (31.2%). Fibroma
was the predominant type (80.0%) among sex-cord stromal
tumors, while the vast majority of germ cell tumors (96.6%)
were mature cystic teratoma.

 

Distribution of histological type by radiation exposure

 

Histologically confirmed primary ovarian cancers, includ-
ing tumors of borderline malignancy, are distributed in Table
3 by morphological type, exposure group and, among the
exposed, by estimated DS02 ovarian dose. There were 40
malignant tumors in the non-exposed (NIC) group, 129
among exposed persons with dose estimates, and 13 with
unknown dose. The proportion (relative frequency) among
malignant tumors of common epithelial tumors was 91%
overall, 85% among the NIC and 100% among women
exposed to 0.1 Sv or more. By formal statistical analysis: in
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Table 1.

 

Incident primary ovarian tumors in the Life Span Study samples, 1950–88:
Characteristics of the case series

 

Total tumors 723 (100%)

 

Diagnostic confirmation Histology review by panel 601 83.1

Histologic diagnosis; no histology
55 7.6

review by panel

Clinical diagnosis 41 5.7

Death certificate only 26 3.6

City Hiroshima 499 69.0

Nagasaki 224 31.0

Year of diagnosis < 1958 48 6.6

1958 – 1972 322 44.5

1973 – 1988 353 48.8

Age at diagnosis <50 235 32.5

50–59 120 16.6

60–69 137 18.9

70+ 231 32.0

Tumor behavior Malignant 260 36.0

Benign 463 64.0

 

Table 2.

 

Distribution of histologically confirmed primary ovarian tumors by histological type, Life Span Study
cohort, 1950–1988

 

Malignant* Benign

Tumor histology
Number

of tumors
%

Number
of tumors

%

Common epithelial tumors 165 90.7 250 59.7

 

Serous tumors 88 153

Mucinous tumors 40 78

Endometrioid tumors 15 2

Clear cell tumors 13 0

Brenner tumors 0 17

Undifferentiated carcinoma 5 –

Unclassified epithelial tumors 4 0

 

Sex-cord stromal tumors 12 6.6 50 11.9

 

Granulosa cell tumors 10 –

Thecoma – 9

Fibroma – 40

Fibrosarcoma 2 –

Sclerosing stromal tumors – 1

 

Germ cell tumors 5 2.7 117 27.9

 

Mature cystic teratoma – 113

Mature cystic teratoma with malignant transformation 4 –

Struma ovarii – 4

Carcinoid 1 –

 

Soft tissue tumors 0 2 0.5

 

Hemangioma – 1

Leiomyoma – 1

 

Total 182 100.0 419 100

 

*: Borderline malignancies of 37 tumors are included
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terms of fitted binomial odds, the proportion of common
epithelial tumors (relative frequency), adjusted for age at
diagnosis, city, and calendar year, increased significantly
with increasing dose (p = 0.02 for linear trend) among the
exposed with estimated doses. Thus, ovarian cancer risk was
dominated by common epithelial tumors, especially among
the exposed subjects, compared to sex-cord stromal tumors
and germ cell tumors. Among common epithelial tumors the
relative frequency of mucinous tumor tend to decrease with
radiation dose though not statistically significant. It implies
that radiation risk of nonmucinous tumors might be higher
than that of mucinous tumor.

There was non-homogeneity in distribution of type of

benign tumors by radiation dose interval (p < 0.01)(Table 4)
and, in particular, the relative frequency of sex-cord stromal
tumor, adjusted for age, city, and year, increased with
increased radiation dose (p = 0.04). The proportion of serous
tumor among common epithelial tumors tends to increase
with radiation dose (p = 0.09), and that of the mucinous
tumor decreases with radiation dose (p < 0.01). It implies
that if the risk of benign ovarian tumor increases with radi-
ation dose, the radiation risk of sex-cord stromal tumor is
higher than that of common epithelial tumor and germ cell
tumor and that among common epithelial tumors, the radiation
risk of serous tumor is higher than that of mucinous tumor.

Distributions of benign and malignant tumor cases by

 

Table 3.

 

Histologically confirmed primary ovarian cancers by radiation dose and histological type, Life Span Study cohort, 1950–
1988

 

Histologic type of tumor Total NIC
Ovary dose (Sv) Regression coefficient* of

radiation dose at 1Sv<0.005 0.005- 0.10– 0.50– 1.00+ Unk.

Common epithelial tumors
165

 

(91%)

 

34

 

(85%)

 

55

 

(90%)

 

33

 

(92%)

 

18

 

(100%)

 

6

 

(100%)

 

8

 

(100%)

 

11

 

(85%)

 

21.2 P = 0.02

 

Serous adenocarcinoma 88 21 33 14 9 3 5 3 –0.05** P > 0.5

Mucinous adenocarcinoma 40 7 15 8 4 2 0 4 –0.89** P = 0.26

 

Sex–cord stromal tumors 12 5 4 1 – – – 2 –19.8 P = 0.11

Germ cell tumors 5 1 2 2 – – – – – 9.6 P = 0.22

Total
182

 

(100%)

 

40

 

(100%)

 

61

 

(100%)

 

36

 

(100%)

 

18

 

(100%)

 

6

 

(100%)

 

8

 

(100%)

 

13

 

(100%)

*: adjusted for age at diagnosis, city, and year
**: relative frequency among common epithelial tumors.

 

Table 4.

 

Histologically confirmed primary benign ovarian tumors by radiation dose and histological type, Life Span Study cohort,
1950–1988

 

Histologic type of tumor Total NIC
Ovary dose (Sv) Regression coefficient* of

radiation dose at 1 Sv<0.005 0.005- 0.10– 0.50– 1.0+ Unk.

Common epithelial tumors
250

 

(60%)

 

52

 

(60%)

 

60

 

(56%)

 

72

 

(66%)

 

34

 

(61%)

 

14

 

(47%)

 

11

 

(61%)

 

7

 

(64%)

 

0.06 P > 0.5

 

Serous adenoma 153 21 38 53 22 7 10 2 0.64** P = 0.09

Mucinous adenoma 78 24 21 16 8 4 – 5 –1.47** P < 0.01

 

Sex-cord stromal tumors
50

 

(12%)

 

9

 

(10%)

 

10

 

(9%)

 

12

 

(11%)

 

8

 

(14%)

 

7

 

(23%)

 

4

 

(22%)

 

–

 

( – )

 

0.83 P = 0.03

Germ cell tumors
117

 

(28%)

 

26

 

(30%)

 

37

 

(34%)

 

24

 

(22%)

 

14

 

(25%)

 

9

 

(30%)

 

3

 

(17%)

 

4

 

(36%)

 

–0.81 P = 0.10

Other tumors
2

 

(0%)

 

–

 

( – )

 

1

 

(1%)

 

1

 

(1%)

 

–

 

( – )

 

–

 

( – )

 

–

 

( – )

 

–

 

( – )

 

Total
419

 

(100%)

 

87

 

(100%)

 

108

 

(100%)

 

109

 

(100%)

 

56

 

(100%)

 

30

 

(100%)

 

18

 

(100%)

 

11

 

(100%)

*: adjusted for age at diagnosis, city, and year
**: relative frequency among common epithelial tumors.
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exposure and radiation dose are tabulated separately for
autopsy and non-autopsy in Table 5. Less than 5% of the
autopsied cases had malignant tumors, compared to 39% of
non-autopsied cases. Among non-autopsied cases exposed to
the bombings and with dose estimates, the proportion of
benign cf. malignant cases increased significantly (p = 0.03)
with increasing dose after stratification by clinical sample,
year, city, and age at diagnosis, whereas among autopsied
cases the increasing trend of the proportion of benign cf.
malignant cases was not significant (p = 0.26). Overall, after
stratification by source of diagnosis as well as the other strat-
ification variables, the trend was just marginaly statistically
significant (p = 0.08), with an estimated odds ratio for
benign vs. malignant tumor of 2.0 (95%CI: 0.89-4.3) at 1 Sv
compared to 0 Sv. Given that ovarian cancer risk has been
shown to increase with radiation dose, this finding suggests
that the same is true for benign ovarian tumors and that the
association with radiation dose may be at least as strong as
that for malignant tumors.

 

Age distribution and temporal trends

 

Among malignant tumors including borderline malignan-
cy age at diagnosis for common epithelial tumors tended to
be younger than that for combined germ cell and sex-cord
stromal tumors. This difference is supported by formal sta-
tistical analysis: in terms of fitted binomial odds (see Meth-
ods), the relative frequency of common epithelial tumors
decreased significantly (p = 0.05) with increasing age (data
not shown). Among benign tumors common epithelial
tumors tended to be diagnosed at older ages than other tumor
types , whereas germ cell tumors tended to be diagnosed at
younger ages. The relative frequency of common epithelial

tumors increased significantly (p < 0.001) and the relative
frequency of germ cell tumors decreased (p < 0.001) with
increasing age (data not shown).

As for the time trend, the proportion of common epithelial
tumors among all ovarian tumors did not change over time
(data not shown). However, the proportions of subtypes of
common epithelial tumors changed by time. Among both
malignant and benign tumors, the proportion of serous type
tumors decreased significantly with time (p = 0.02 for malig-
nant; p < 0.001 for benign) while that of mucinous and other
common epithelial tumors increased .

 

Prognosis of ovarian tumors

 

Prognosis was examined for 493 persons who were alive
at diagnosis of ovarian tumors. Of 281 deaths from the time

 

Table 5.

 

Number of malignant and benign tumors, and proportion of benign tumors among total tumors

 

Source of
diagnosis

Total NIC
Ovary dose (Sv) Regression coefficient*

of radiation dose
at 1 Sv<0.005 0.005– 0.10– 0.50– 1.0+ Unk.

 

Autopsy

Malignant 7 3 2 1 – – 1 –

Benign 145 19 37 49 27 8 2 3

Proportion of
benign tumor

(95.40%) (86.4%) (94.7%) (98.0%) (100.0%) (100.0%) (66.7%) (100.0%) –5.1 P = 0.26

Others

Malignant 175 37 59 35 18 6 7 13

Benign 274 68 71 60 29 22 16 8

Proportion of
benign tumor

(61.0%) (64.8%) (54.6%) (63.2%) (61.7%) (78.6%) (69.6%) (38.1%) 0.88 P = 0.03

Total

Malignant 182 40 61 36 18 14 8 13

Benign 419 87 108 109 56 30 18 11

Proportion of
benign tumor

(69.7%) (68.5%) (63.9%) (75.2%) (87.5%) (68.2%) (69.2%) (45.8%) 0.67 P = 0.08

*: adjusted for age at diagnosis, city, year, clinical sample, and source of diagnosis

 

Fig. 1.

 

Comparison of survival curves (ovary cancer) between
serous and mucinous malignant ovarian tumors
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of diagnosis through 2001, 118 were from ovarian cancer.
Survival curves for all causes of death, adjusted for age at
diagnosis, city, and radiation dose, were compared between
serous and mucinous cancers. There was a significant appar-
ent survival advantage (all causes of deaths) for mucinous
compared to serous cancers (p = 0.03), and the difference
was marked in the analysis restricted to mortality from ova-
rian cancer (Fig. 1). Within tumor types survival did not vary
consistently by radiation dose(data not shown).

 

DISCUSSION

 

The present study was intended to provide an extended
ascertainment of ovarian tumors beyond those regularly
reported to the tumor and tissue registries in Hiroshima and
Nagasaki, and to compare the current findings with our pre-
vious series.10) About 20% of the ovarian cancer cases (both
malignant tumors and borderline malignancies) included in
the early series turned out to be neither malignant tumors nor
borderline malignancies in the present study. This high false
positive rate may have developed because the 1st screening
as conducted in the current study had not been performed
previously. In the present 1st screening, one of the patholo-
gist-panel members inspected case records for all tumors ini-
tially selected and excluded any with diagnoses clearly
inconsistent with ovarian tumor. Histologically-reviewed
cases showed good agreement in both early and present
studies. About 20% of the ovarian cancer cases (only malig-
nant tumors but not borderline malignancies) in Thompson's
the tumor registry-based study were not malignant tumors,
and one third of those tumors were borderline malignancies
in the present study. Also, on the basis of present study, 10%
and 5% of ovarian cancer cases that might have been iden-
tified by a more thorough ascertainment process were
missed by our previous study10) and the Thompson study,9)

respectively. Ascertainment of benign ovarian tumors was
not limited to autopsy cases as in the earlier series; however,
with screening of a wider variety of possible ovarian tumors
among autopsy cases and the resources of a much improved
tumor registry, the number of histologically confirmed
tumors eligible under the criteria for the previous study was
increased by 60%, while 11% of the original tumors were
rejected by the present investigators.

In our previous study,10) which was based on 128 malig-
nant tumors and 98 benign tumors, the distribution of histo-
logical types of both malignant and benign tumor of the ova-
ry did not vary significantly with radiation dose based on
simple chi-squired test, although the proportion of clear cell
carcinoma tended to increase with dose. In the present study
based on 182 malignant tumors and 419 benign tumors, we
found that the relative frequency of common epithelial
tumors to other malignant tumor types increased with radi-
ation dose (p = 0.02). This means that the risk of common
epitherial tumor is higher than those of sex-cord stromal

tumors and germ cell tumors when risk of ovarian cancer
exist. The reasons suspected for this are that cancer devel-
opment is associated with mutation induced during repair
process of damaged ovarian epitherial tissues at each time of
ovulation, and that radiation increases the rate of mutation
induced during the repair process of ovarian epitherial tis-
sues. Among benign tumors the relative frequency of sex
cord stromal tumors increased with radiation dose (p <
0.04). The proportion of serous tumor among common epi-
thelial tumors tends to increase with radiation dose (p =
0.09), and that of the mucinous tumor decreases with radia-
tion dose (p < 0.01). With respect to the distribution of ovary
tumor cases, differences between the previous and present
results might have resulted not only increased number of
cases in the present study but also use of different statistical
methods. The present findings suggest variation of histolog-
ical specificity in ovarian tumors by radiation dose; however,
this question is better addressed in the population-based
analysis which will appear in the companion paper. Howev-
er, it has been reported that reproductive factors , which are
important risk factors of ovarian tumors, are more strongly
associated with the risk of nonmucinous tumors than that of
mucinous tumors.22) It is also highly possible that the asso-
ciation of radiation with ovarian tumors differs by histologic
type.

It is known that autopsy rates in the LSS population are
influenced by radiation dose, membership in the clinical
subsample of the LSS population, and exposure in Hiroshi-
ma cf. Nagasaki.23) Deceased LSS participants with higher
radiation doses are more likely to have been autopsied.
Therefore, to the extent that tumor cases have been ascer-
tained at autopsy or from archival autopsy materials that
would not otherwise have been discovered, an association of
tumor incidence rate in the population-based analysis with
radiation dose in the LSS would exist even in the absence of
a true association. However, the emphasis in the present
study was on relative frequencies of different histological
subtypes by radiation dose. Detection of specific types of
ovarian tumor among autopsied subjects is unlikely to be
correlated with radiation exposure.

Table 5 suggests that the risk of ovarian benign tumor was
higher than that of ovarian cancer, when association existed
between ovarian cancer and radiation. Studies of effects of
A-bomb radiation on the risk of benign tumors are rare
because of the difficulty of benign tumor case ascertainment.
However, the present study at least suggests the possibility
of a relationship between radiation exposure and benign
tumor. The reasons why the risk of benign tumors appeared
higher than that of malignant tumors are unknown, but one
might be that the detection biases of benign tumors at high
doses were not fully excluded based only on adjustment for
autopsy.

It is known that the incidence of ovarian cancer among
Japanese residents differs from those reported in western
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countries.1,2) Tables 6 and 7 compare percentage of both
malignant and benign tumor cases by histological type in
this study with recent data obtained domestically and
abroad.1,2,24–29) With regard to malignant tumor cases, Table
6 shows that the percentage of common epithelial tumors is
overwhelmingly higher than that of two other tumor groups,
sex-cord stromal tumors and germ cell tumors, in the data
of LA County-USC, as well as those of Nagoya, Juntendo
and Tohoku Universities.24–29) That is to say, among popula-

tions in both Japan and the United States, a majority of ova-
rian malignant tumors are common epithelial tumors, many
of which take the form of serous adenocarcinoma. The dis-
tribution of ovarian cancers by histogenesis in the present
study, however, slightly differs from the other Japanese pop-
ulations. The proportions of germ cell tumors, and especially
that of dysgerminoma, are higher in the other Japanese pop-
ulations than in the current atomic bomb survivors. This may
reflect the fact that the LSS population is a fixed, and there-

Table 6. Primary ovarian cancers by histologic type: Current series versus three other series in Japan and a series in United
States

Tumor histology
Number of tumors (%)

Current studya Nagoyaa,b Tokyoa,c Miyagid Los Angelesa,e

Common epithelial tumors 165 (90.7) 149 (69.6) 87 (70.7) 41 (78.8) 154 (85.6)

Serous adenocarcinoma 88 73 37 13 78

Mucinous adenocarcioma 40 20 11 7 17

Endometrioid adenocarcinoma 15 26 6 4 20

Clear cell adenocarcinoma 13 25 – 11 7

Mixed epithelial tumor – 1 3 – 7

Carcinoma 9 4 30 6 25

Sex-cord stromal tumors 12 (6.6) 15 (7.0) 4 (3.3) 1 (1.9) 13 (7.2)

Granulosa cell tumors 10 12 3 1 10

Fibrosarcoma 2 – – – –

Sarcomatoid androblastoma – 3 1 – 3

Germ cell tumors 5 (2.7) 48 (22.4) 30 (24.4) 10 (19.2) 12 (6.7)

Dysgerminoma – 14 14 3 5

Endodermal sinus tumor – 11 – 2 1

Embryonal carcinoma – – 8 – –

Polyembryoma – 1 – 2 –

Choriocarcinoma – – – 1 –

Immature teratoma – 11 4 2 2

Mature cystic teratoma with 4 7 4 – 4

malignant transformation

Carcinoid 1 4 – – –

Gonadoblastoma – 1 (0.5) – – –

Others – 1 (0.5) 2 (1.6) – 1 (0.6)

Total 182 (100.0) 214 (100.0) 123 (100.0) 52 (99.9) 180 (100.1)
a Cases of borderline malignancy were included.
b Patients treated at Nagoya University Hospital during 1965–1988; histologically reclassified cases, Nakashima.27

c Patients treated at Juntendo University Hospital during 1967–1977; histologically reclassified cases, Ishi.28

d Histologically reviewed data including cases of borderline malignancy from the Tumor Registry of Miyagi Prefecture
during 1969–1977, Sasano.29

e Patients treated at the Los Angeles County–University of Southern California Medical Center during 1975–1985; histolog-
ically reclassified cases, Kooning.26



Ovarian Tumors Among A-bomb Survivors 57

J. Radiat. Res., Vol. 47, No. 1 (2006); http://jrr.jstage.jst.go.jp

fore aging, cohort of persons born in 1945 or earlier who
were alive in 1950. Thus, the accumulated tumor experience
of that cohort from 1950 through 1988 disproportionately
represents older ages compared to the residential popula-
tions served by university hospitals in Japan and elsewhere,
that are continually being renewed by the addition of per-
sons born each year.

For benign tumor cases, Table 7 shows that common epi-
thelial tumors and germ cell tumors are the dominant types
of benign tumors in both the Japanese and U.S. study pop-
ulations, while the percentage of sex-cord stromal tumors is
extremely low.26–32) Further, a review of the frequency of his-
tologically-classified tumor types in each of the three ovari-
an tissue systems just mentioned clearly shows that, (1)
among common epithelial tumors, the percentages of serous
and mucinous adenocarcinoma are high in a majority of the
study groups; (2) among sex-cord stromal tumors the per-
centage of fibroma is high ; and (3) among germ cell tumors,

the percentage of mature cystic teratoma is overwhelmingly
high in all of these study populations. Even though the
breakdown of frequency percentage by histological tumor
type varies to some extent by study population, there is a
common observed pattern regarding common tumor types in
each of the three tissue systems.

It is presumed that hormones, primarily estrogen and pitu-
itary gonadotropin, affect the natural incidence of ovarian
tumors, and that the tumors which commonly develop in
each of the three ovarian tissue systems are those mentioned
above. An interesting question is why 90% of malignant
tumors, but only 60% of benign tumors, should occur in the
common epithelium. Currently, a prominent pathogenetic
hypothesis33,34) points to the ovulatory cycle, which recurs
from early adolescence until menopause. To repair localized
tissue damage occurring on ovary surfaces at the time of
ovulation, ovarian epithelial tissues repeatedly induce cell
division and recovery at damaged sites. During this process,

Table 7. Primary benign ovarian tumors by histologic type: Current series versus three other series in Japan and a series
in United States

Tumor histology
Number of tumors (%)

Current study Nagoyaa Tokyob Sendaic Los Angelesd

Common epithelial tumors 250 (59.7) 275 (44.4) 346 (59.3) 111 (38.9) 245 (37.7)

Serous adenoma 153 132 174 50 163

Mucinous adenoma 78 130 65 55 75

Endometrioid adenoma 2 – 105 4 –

Brenner tumor 17 7 2 2 7

Mixed tumor – 6 – – –

Sex-cord stromal tumors 50 (11.9) 49 (7.9) 24 (4.1) 30 (10.5) 25 (3.8)

Thecoma/Fibroma 50 46 24 30 25

Thecoma 9 – 3 6 –

Fibroma 40 – 21 21 –

Others 1 – – 3 –

Androblastoma – 3 – – –

Germ cell tumor 117 (27.9) 293 (47.3) 203 (34.8) 144 (50.5) 380 (58.5)

Mature cystic teratoma 113 282 202 136 377

Struma ovarii 4 11 1 3 3

Mature solid teratoma – – – 5

Others 2 (0.5) 2 (0.3) 10 (1.7) – –

Total 419 (100.0) 619 (99.9) 583 (99.9) 285 (99.9) 650 (100.0)
a Patients treated at Nagoya University Hospital during 1965–1988; histologically reclassified cases, Nakashima.27

b Patients treated at Juntendo University Hospital in Tokyo during 1967–1977; histologically reclassified cases, Ishi.28

c Surgical cases examined at Department of Pathology, Tohoku University School of Medicine in Sendai during 1969–
1978, Tateno.30

d Patients treated at the Los Angeles county–University of Southern California Medical Center during 1975–1985; histo-
logically reclassified cases, Kooning.26
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mutation, including events involved in transformation of an
initiated cell to a cancer cell, is likely to occur in mitotic
cells, with repaired epithelial tissues invaginated into the
ovarian interstitium increasing sensitivity to estrogen, which
is produced in the interstitium. Eventually, the combination
of these factors is believed to cause the development of car-
cinoma.

We showed an apparent survival advantage for mucinous
compared to serous cancers. However, Malkasian reported
that for most histological types, observed differences in sur-
vival were more apparent than real since the behavior of dif-
ferent cell types was similar when compared stage for stage
and grade for grade, and that mucinous cystadenomas tended
to be low grade and low stage, while serous cystadenomas
tended to be high grade and high stage.35)

In summary, more than 600 ovarian tumors in about
70,000 cohort members of Hiroshima and Nagasaki were
diagnosed by the pathology review of tissue slides using the
standardized classification scheme. The variations in histo-
logical types of ovarian tumors in response to radiation dose
were suggested.
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